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Introduction
The disorders of aromatic amino-acid metabolism, coded as E70 according to the 10 th edition of the International Statistical Classification of Diseases and Related Health Problems (ICD-10), are a heterogenous group of genetic metabolic diseases (referred to -in contrast to multifactorial acquired metabolic disorders -as inborn errors of metabolism). They include, among other conditions, classical phenylketonuria, other hyperphenylalaninaemias, disorders of tyrosine metabolism (alcaptonuria, tyrosinaemia) and albinism. Some of these diagnoses require treatment from birth, others (considered to be mild) do not require any treatment at all, while still others require only limited treatment.
Among the diseases in this group, classical phenylketonuria, caused by phenylalanine hydroxylase deficit, is the most common. The clinical course of classic phenylketonuria is insidious. If left untreated, the disease damages the central nervous system, leading to intellectual disability and various neurological problems [1, 2] . A rapid diagnosis and treatment are of key importance for the child's development [3] [4] [5] .
Type 1 tyrosinaemia (tyrosinaemia I) is an ultrarare disease characterised by fumarylacetoacetate hydrolase deficiency. Acute, subacute and chronic forms are distinguished. Acute type 1 tyrosinaemia, which is the most common, has its onset in infancy and manifests with liver dysfunction that progresses to liver failure, renal injury and, in some cases, neurological crises resembling acute porphyria. In untreated patients, this form of type 1 tyrosinaemia, if diagnosed by 2 months of age, is characterised by a 2-year survival rate of only 29% [6] . In addition, untreated patients often develop hepatocellular carcinoma.
Alcaptonuria is another condition caused by defective phenylalanine and tyrosine metabolism. These patients are deficient for homogentisate 1,2-dioxygenase. During childhood the only sign (often overlooked nowadays) is the dark staining of nappies left to dry in the air. Deposition of homogentisic acid in tissues causes their bluish-black discolouration (the socalled ochronosis). In adulthood, degenerative changes of the vertebral column and various joints are characteristic (the socalled ochronotic arthropathy). Treatment is symptomatic and some patients, due to severe joint damage and severe pain, require endoprosthetic joint replacement [7, 8] , which provides only temporary relief. Ongoing clinical trials are investigating nitisinone (an orphan medicine already authorised for the treatment of type 1 tyrosinaemia) in alkaptonuria, and the results are promising [8] .
The diagnosis of albinism in its various forms, i.e. as an isolated defect (e.g. ocular albinism) or as an element of a syndrome (e.g. Chediak-Higashi syndrome), requires following certain recommendations on the management and monitoring of the disease.
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diagnosis of inborn errors of metabolism and prompt provision of specialist treatment. It is important that specialist care for patients with inborn errors of metabolism is continued both during childhood and adulthood. Furthermore, some inborn errors of metabolism do not become clinically manifest until adulthood, which is why it is particularly important to make appropriate medical care (evaluation and treatment) accessible to these patients.
The aim of our study was to evaluate the Polish public healthcare system in terms of organisation of and accessibility to healthcare services for patients with the disorders of aromatic amino-acid metabolism. Our analysis took into account the services provided to patients who first appeared in the public healthcare system in 2009. This was defined as registered incidence. A patient appearing in the NFZ reporting system during this period was considered a new patient (a first-time patient) if they appeared in the system with a given diagnosis for the first time during the period of interest and if the main reason for providing a service was related to a diagnosis within the group of rare metabolic disorders coded as E70.0 to E70.9. Registered prevalence was also assessed, and individuals with a specific disease were defined as all the patients classified as new cases of that specific disease in the public healthcare system since 2009 (with a diagnosis from the analysed group) who were still alive on 31/12/2015. In order to reduce the risk of an error related to the change in the initial diagnosis that appeared in the system, we reviewed the treatment history of each patient until their appearance in the system, and the ICD code was overwritten if it had changed during the period of service provision. Information about each patient was coded in the NFZ database of individual services using a unique patient identifier.
Material and methods
In the present analysis, individuals over 18 years of age were included in the adult group, individuals 18 years of age or younger were considered to be children, and patients classified as "neonates" based on Diagnosis Related Groups (DRG codes: N20-N34) were classified as neonates. The age at di-agnosis was calculated using the median age of the patients appearing in the system between 2013 and 2015.
The present analysis has been prepared as part of the mapping of health needs in metabolic disorders published in December 2016. The documents for each province of Poland are available here: http://www.mapypotrzebzdrowotnych. mz.gov.pl/.
Statistical analysis was conducted using R Studio, version 1.0.136. The diagrams provided in this publication were prepared using the RStudio library for data visualisation ggplot2, version 2.1.0, and Microsoft Exce 2013. Some of these diagrams use a logarithmic scale to show the magnitude of the depicted phenomenon in a clearer manner.
Results
Table I provides registered incidence data for the period from 01/01/2009 to 31/12/2015. Columns 2 to 8 provide a list of patients who first appeared in the healthcare system in specific years. As data collection started in 2009, the number of patients registered in the healthcare system in that year includes those who first appeared in the system in 2009 and those who first appeared in the previous years. Based on these data, indicators for the entire study population with a specific diagnosis were calculated and presented. The data show a considerable heterogenicity of the patient population and a large number of patients coded in the ICD-10 system without the extension (E70), which makes it difficult to correctly classify these patients. Figure 1 provides a histogram of the age of patients with conditions falling under the category of the disorders of aromatic amino-acid metabolism who were first registered in the healthcare system in 2009-2015. The largest group of patients appeared in the system at the age of 1 year old, with the number of patients markedly decreasing in the subsequent years. Diagram A represents children and young adults up to 28 years of age. The population of patients aged 0-28 years accounts for 99% of all the cases, while patients older than 28 years of age constitute a mere one percent of the entire population. The frequency of patients older than 28 years of age who appeared in the healthcare system was zero or close to zero (Diagram B). Patients with the diagnosis of phenylketonuria (E70.0) or other hyperphenylalaninaemias (E70.1) are those that most commonly appear in the healthcare system. Patients over the age of 28 years most commonly appear with the code E70. Figure 2 shows the number of patients by age who first appeared in the system in 2009-2015 either in outpatient specialist care (AOS) facilities or in hospitals. The largest number of patients (more than 600) was hospitalised in the first year of life, with the number of hospitalisations after the second year of life decreasing to zero. In AOS, the largest number of patients (more than 600) were observed in the first year of life. After the second year of life the number of patients decreases and plateaus until the age of 18 years at about 60-70 patients in each age group receiving AOS services. After the age of 18 years, there is a decreasing number of patients in AOS, with a rapid reduction approaching zero after 28 years of age. A total of 95 deaths were reported in the entire study population with the mean age of death being 77 years. The largest number of deaths were recorded after the age of 70 years, 21% of all the deaths occurred in working-age patients and in children (2 deaths). The child with disorder of tyrosine metabolism died at the age of 2 years, while the one with classical phenylketonuria died at 11 years of age. The causes of death were not analysed. The largest number of deaths were recorded in adults with the code E70. There were no deaths of patients with the codes E70.1 and E70.3 (Fig. 3 ).
Discussion
This paper is the first one to present an analysis of the Polish public healthcare system in terms of organisation of and accessibility to healthcare services for patients with the disorders of aromatic amino-acid metabolism, based on the individual reporting data of the NFZ, i.e. information about the services claimed to the payer by service providers in 2009-2015.
A total of 22% of the patients in the study population were coded generally as having a diagnosis of disorders of aromatic amino-acid metabolism: E70 according to the 10 th edition of the International Statistical Classification of Diseases and Related Health Problems (ICD-10). The lack of extension in the coding of the data reported to the NFZ makes it impossible to correctly assign these patients to the correct disease entity. Failure to provide the extension in coding may result from the lack of the right diagnosis or from incorrect coding. As the largest number of deaths with a median age of death being 78.5 years were recorded in the group of patients coded as E70, it is reasonable to hypothesise that this group mainly consisted of adult patients very recently diagnosed with phenylketonuria, so without a precisely established form of the disease. Currently, the service providers are not obliged to enter the code along with the extension when reporting to the NFZ.
The largest number of patients were hospitalised and provided with outpatient care in the first year of life. This applies to patients diagnosed with phenylketonuria (classical or mild) in the presymptomatic period by neonatal screening. These results demonstrate the very good organisation of newborn screening in Poland by the Institute of Mother and Child, along with the subsequent monitoring in accordance with the relevant recommendations. Thanks to the launch of mass newborn screening programmes in Poland, it is now possible to provide early diagnosis and treatment to avoid severe mental retardation. The currently available modern molecular testing methods allow to establish the genotype, which may be the grounds for selecting optimal treatment: dietary or pharmacological. It is an example of personalised medicine, which will most likely become medicine of the future. The role of newborn screening in reducing mortality in children and in providing specialist care for patients with inborn errors of metabolism has been emphasised by many authors [4, 9, 10] . Our analysis demon-strates that hospitalisations of patients after the second year of life were close to zero, which results from the specific characteristics of some of the disease entities whose treatment only rarely requires hospitalisation. After the second year of life the number of patients remaining in outpatient care decreased and plateaued during the paediatric period below 18 years of age, further decreasing in young adults and rapidly falling close to zero in patients over the age of 28 years. Some of the patients with the disorders of aromatic amino-acid metabolism are known not to require treatment and monitoring can be performed once a year (e.g. in albinism, which reduced the number of patients remaining in outpatient care after the second year of life). The decreasing number of adults being under the care of specialist clinics is worrying. Especially since some disorders, such as alkaptonuria, do not become clinically manifest until adulthood, which is when these patients require appropriate medical care the most.
A total of 55% of the patients in the study population were affected with classical phenylketonuria (E70.0). This patient group requires ongoing care at the clinic for metabolic disorders. Classical phenylketonuria is an example of a disease in which early diagnosis and low-phenylalanine diet is of key importance for the normal development of the child. Continuing the treatment throughout the patient's lifetime is recommended [11] . Adults who discontinue the low-phenylalanine diet have been confirmed to develop mental, cognitive and emotional disorders [12, 13] . Treatment must also be used in women of childbearing age. High maternal blood levels of phenylalanine leads to maternal phenylketonuria syndrome consisting of microcephaly, intellectual disability, intrauterine growth retardation, congenital anomalies of the cardiovascular, gastrointestinal and skeletal systems [14] . In our study, patients older than 28 years of age constituted a mere one percent of all the patients who received the services of AOS, which points to insufficient outpatient medical care in the group of adult patients. Analysis of data from other countries also shows deficiencies in the care for adult patients with phenylketonuria. In a study by Berry et al., 71% adult PKU patients aged 19-45 years were not actively treated by the metabolic clinic [15] . The authors point out that some clinics at paediatric hospitals are not allowed to provide care to adult patients [16] , and this is also the case in Poland. In accordance with the European recommendations of phenylketonuria diagnostics and treatment, this care should be carried out by adult metabolic specialists or dedicated people experienced in specialized care for adults with inborn errors of metabolism. In order to assist in continuing treatment of adults with phenylketonuria and other inborn errors of metabolism, the role of transition from paediatric into general care is emphasised [17, 18] .
In the analysed group of patients with disorders of aromatic amino-acid metabolism, 95 deaths were reported, including 21% of deaths in patients below the age of 60 years. Two deaths were reported in children, including one in a child diagnosed with disorders of tyrosine metabolism and the other in a child with classical phenylketonuria. The causes of these death were not analysed. The largest number of deaths were recorded in adults older than 70 years of age. The predominance of the code E70 without the extension is notable in those who died after the age of 60 years, which may suggest several causes. These are: the lack of specialist knowledge on the inborn errors of metabolism among doctors specialising in adult medicine and providing care to these patients, the diagnostic difficulties in this group of patients, and, most likely, these are deaths of patients with phenylketonuria who were born before the era of newborn screening programmes for phenylketonuria. The mean age of death among patients with untreated phenylketonuria has been reported in the literature at 55.8 years [19] . In our publication, the mean age of death in patients with phenylketonuria was higher (63 years), although 38% of deaths were reported in working-age patients, which suggests the need for specialist care in adults. In children with untreated type 1 tyrosinaemia, death usually occurs before the age of 10 years, and the need for rapid diagnosis and early treatment is emphasised to reduce mortality in this group of patients [20, 21] .
A strength of our study is the analysis of all the patients reported to the NFZ in the outpatient and inpatient setting in 2009-2015. A limitation of our study is the impossibility to verify the diagnoses in patients coded as the disorders of aromatic amino-acid metabolism (E70), which could have affected the number of patients in specific groups coded with the extension. We only analysed patients who had been registered in the healthcare system, which does not offer the possibility of assessing the total number of patients. We did not analyse factors affecting the difficulties in following the diagnostic and therapeutic recommendations, such as the costs of treatment. The causes of patient deaths were not analysed.
To summarise, the group of patients with the disorders of aromatic amino-acid metabolism is heterogenous and includes patients who require lifetime treatment and patients who mostly require monitoring. Children in their first year of life required inpatient and outpatient care more often. In AOS, patients with classical phenylketonuria were most commonly reported. This is in line with the current medical practice and the most recent European recommendations on the frequency of clinical, dietary and biochemical monitoring in patients with phenylketonuria provided in the outpatient specialist care [22] . Active outpatient care for adult patients was insufficient. Patients after the age of 28 years constituted a mere 1% of the patients in AOS. Urgent implementation of systemic solutions in this area is necessary, starting from acquiring essential specialist knowledge on the inborn errors of metabolism among doctors practising adult medicine. A total of 21% of all the deaths occurred in working-age patients and in children (2 deaths). It is necessary to draw attention to the correct coding of disease entities.
Conclusions
Neonates, infants, children and adolescents with disorders of amino acid metabolism have been had full access to a wellorganized specialized medical care system in Poland, and were followed throughout the whole postnatal period until 18 th year of life. In contrast, an active care for adult patients with the disorders was limited. It is necessary to properly encode the disease by using the ICD-10 extension codes in order to avoid inconsistency in reporting or misdiagnosis.
